
US 20020192709A1 

(12) Patent Application Publication (10) Pub. N0.: US 2002/0192709 A1 
(19) United States 

Carreras et al. (43) Pub. Date: Dec. 19, 2002 

(54) METHOD FOR EVALUATING 
THERAPEUTIC EFFICACY 

(76) Inventors: Christopher Carreras, Belmont, CA 
(US); Susan Dillon, Wayne, PA (US) 

Correspondence Address: 
Carolyn A. Favorito 
Morrison & Foerster LLP 
Suite 500 
3811 Valley Centre Drive 
San Diego, CA 92130 (US) 

(21) Appl. No.: 10/077,461 

(22) Filed: Feb. 15, 2002 

Related US. Application Data 

(60) Provisional application No. 60/269,631, ?led on Feb. 
15, 2001. 

Publication Classi?cation 

(51) Int. Cl.7 ....................... .. G01N 33/53; C07H 21/04; 
C12P 21/02; C12N 5/08; c071< 14/705 

(52) as. C]. .................... .. 435/7.1; 435/69.7; 435/3201; 
435/325; 530/350; 536/235 

(57) ABSTRACT 
The present invention relates to in vitro methods for evalu 
ating compounds that better correlate With therapeutic ef? 
ciency than evaluating compounds based on potency alone. 
In general, the inventive method comprises: determining 
a potency value for a compound against its target receptor; 
(ii) determining a desensitization value for the compound 
against its target receptor; and (iii) comparing the potency 
value With the desensitization value. If the desired action of 
a compound is as a receptor agonist, then the compound’s 
desensitization value should be larger than the compound’s 
potency value. This ensures that the concentration of a 
compound required for potency Will not also cause the 
receptor to desensitize at the same time, thus in an essence 
nullifying the desired effect. The inventive methods are used 
to evaluate novel motilide compounds as Well as ABT-229 
and EM-574, tWo motilide compounds for Which clinical 
trials have been initiated. 
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METHOD FOR EVALUATING THERAPEUTIC 
EFFICACY 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority to US. provisional 
patent application serial No. 60/269,631, ?led Feb. 15, 2001, 
entitled METHOD FOR EVALUATING THERAPEUTIC 
EFFICACY, by inventors Chris Carreras and Sue Dillon, 
Which is incorporated herein in its entirety. 

BACKGROUND 

[0002] Many potential drug candidates are WithdraWn 
from further development because their promising in vitro 
results do not translate into therapeutic ef?cacy during 
clinical trials. Because the time and cost of taking a com 
pound into clinical trials can be as much as ten years and 200 
million dollars, failure of a potential drug at the clinical 
phase is enormous. 

[0003] For potential drug candidates that act as receptor 
agonists, receptor desensitiZation may contribute to the 
disconnect betWeen in vitro potency and lack of clinical 
ef?cacy. Receptor desensitiZation typically occurs upon con 
tinued stimulation of the receptors With agonists. When 
receptors are initially exposed to an agonist, the initial 
response usually peaks and then decreases to some tonic 
level. If the agonist is removed for a brief period, this state 
of receptor desensitiZation is maintained such that a second 
addition of the agonist provokes a diminished response. 
Removal of the agonist for a more extended period of time 
generally alloWs the receptors to reset its capacity for 
maximal response. 

[0004] There are tWo types of desensitiZation: homolo 
gous and heterologous desensitiZation. Homologous desen 
sitiZation is de?ned as the reduced response of a receptor 
induced only by the agonist that has stimulated the receptor. 
Heterologous desensitiZation is de?ned as the reduced 
response of a receptor induced by something other than the 
agonist for that receptor. For example, receptors for different 
hormones that act on a single signaling pathWay may 
become less effective When only one of the receptors is 
continuously stimulated. Such heterologous desensitiZation 
may result either from modi?cation of each receptor by a 
common feedback mechanism or from effects exerted at 
some common point in the effector pathWay distal to the 
receptor itself. 

[0005] Despite the importance of receptor desensitiZation, 
drug discovery efforts generally focus on agonist potency. 
HoWever, because receptor desensitiZation can have a pro 
found effect on clinical ef?cacy, methods for evaluating and 
incorporating receptor desensitiZation for therapeutic uses 
are needed and desired. 

SUMMARY 

[0006] The present invention relates to in vitro methods 
for evaluating compounds that better correlate With thera 
peutic ef?ciency than evaluating compounds based on 
potency alone. In general, the inventive method comprises: 
(i) determining a potency value for a compound against its 
target receptor; (ii) determining a desensitiZation value for 
the compound against its target receptor; and (iii) comparing 
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the potency value With the desensitiZation value. If the 
desired action of a compound is as a receptor agonist, then 
the compound’s desensitiZation value should be larger than 
the compound’s potency value. This ensures that the con 
centration of a compound required for potency Will not also 
cause the receptor to desensitiZe at the same time, thus in an 
essence nullifying the desired effect. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] FIG. 1 is a schematic illustrating the principle of 
measuring GPCR agonism via aequorin. 

[0008] FIG. 2 is a graph depicting the luminescence 
response of 50,000 HEK293 cells stably expressing 
aequorin and the motilin receptor. 

[0009] FIG. 3 is a graph depicting the orphan receptor 
CRLR (calcitonin receptor-like receptor) expressed tran 
siently in HEK 293 cells. 

[0010] FIG. 4 is a schematic representation of the Ca2+ 
mobiliZation responses of the C3a receptor. 

[0011] FIG. 5 is a graph depicting calcium mobiliZation 
induced by C3a in HEK 293 cells transiently transfected 
With the C3a receptor. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is a schematic illustrating the principle of 
measuring GPCR agonism via aequorin. Brie?y, agonist 
binding to a GPCR causes dissociation of the Ga subunit 
from the GI3y subunits and hydrolysis of GTP to GDP+Pi. Ga 
then activates PLCB, Which generates IP3. The IP3 targets a 
receptor that causes Ca++ release from intracellular stores. 
Ca++ binding by aequorin causes oxidation of the coelentera 
Zine cofactor With accompanying photon release. FolloWing 
agonist stimulation, triton X-lOO lysis of the cell exposes the 
remaining aequorin to Ca“. A value F is calculated by 
dividing the agonist response by the sum of the agonist and 
triton X-lOO responses. 

[0013] FIG. 2 is a graph depicting the luminescence 
response of 50,000 HEK293 cells stably expressing 
aequorin and the motilin receptor upon exposure to the 
indicated concentration of motilin. The y-axis re?ects the 
luminescence response in cps and the x-axis re?ects the time 
in seconds. Concentrations of motilin and provided. 

[0014] FIG. 3 is a graph depicting the orphan receptor 
CRLR (calcitonin receptor-like receptor) expressed tran 
siently in HEK 293 cells. This expression mediates a speci?c 
extracellular acidi?cation response When challenged With 10 
nM human CGRP. Each point represents the acidi?cation 
response from an individual chamber of cells. 

[0015] FIG. 4 depicts Ca2+ mobiliZation responses of the 
C3a receptor expressed With and Without the promiscuous G 
protein Gotl?. Each square represents responses as deter 
mined simultaneously via FLIPR from an individual micro 
titer plate Well of cells. The y axis in each square corre 
sponds to intracellular calcium levels and the x axis 
corresponds to time. The left-hand response of each trace 
corresponds to challenge With C3a (or buffer) as indicated; 
the right-hand response of each trace corresponds to chal 
lenge With 200 pM muscarine as an internal control for each 
Well. Columns A-D Were generated using HEK 293 cells 
transfected With C3a receptor and columns E-H Were gen 
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erated using cells transfected With both C3a receptor and 
Gals. Quantitation of these data is presented in FIG. 5. 

[0016] FIG. 5 shoWs calcium mobilization induced by 
C3a in HEK 293 cells transiently transfected With C3a 
receptor, alone (I) or C3a receptor With Cot16 The 
maximum Ca2+ response (peak height) following C3a addi 
tion to each Well, as illustrated in FIG. 4 Was used to 
construct the dose-response curves. Each point in FIG. 5 
represents the meanzSEM of eight determinations. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0017] The present invention relates to methods for evalu 
ating the therapeutic efficacy of potential drugs that act as 
receptor agonists. In a typical drug discovery effort, these 
compounds are primarily evaluated on their ability to elicit 
a response upon binding to their respective target receptors. 
The ability to elicit a response is also referred to as a 
compound’s potency and is most of ten expressed in terms 
of an EC5O value, or the concentration of a compound that 
elicits 50% of a maximal response. Potency generally 
remains the primary consideration throughout the initial in 
vitro screening assays and sometimes throughout the pre 
clinical evaluation assays 

[0018] HoWever, the focus on potency can result in poten 
tial drug candidates that fail during clinical trials for lack of 
therapeutic e?icacy. In addition to potency, desensitiZation 
should also be considered because the binding of agonists 
over time to their respective receptors can effectuate an 
increasingly diminished response. This phenomenon is an 
inherent part of receptor’s mechanism of action. Desensiti 
Zation is expressed in terms of a concentration that inhibits 
the original receptor response and is most often expressed in 
terms of an IC5O value, or the concentration of a compound 
that inhibits 50% of a maximal response. 

[0019] Despite the recognition that potency and desensi 
tiZation are part of a receptor’s mechanism of action, a 
method that considers both potency and desensitiZation 
When evaluating a potential drug candidate is not in the prior 
art. The present invention provides such a method. 

[0020] In general, the inventive method comprises: determining a potency value for a compound against its 

target receptor; (ii) determining a desensitiZation value for 
the compound against its target receptor; and (iii) comparing 
the potency value With the desensitiZation value. If the 
desired action of a compound is as a receptor agonist, then 
the compound’s desensitiZation value should be larger than 
the compound’s potency value. This ensures that the con 
centration of a compound required for potency Will not also 
cause the receptor to desensitiZe at the same time, thus in an 
essence nullifying its effect. In preferred embodiments, the 
potency value and the desensitiZation value are calculated 
using similar reaction conditions. For example, if a cell-free 
receptor assay is used to calculate the potency value, then 
the same system should also be used to calculate the 
desensitiZation value. Similarly, the potency value and the 
desensitiZation value should be expressed in a like manner. 
For example, if the potency value is expressed in terms of 
ECSO, then the desensitiZation value should be expressed in 
terms of ICSO; if the potency value is expressed in terms of 
ECQO, then the desensitiZation value should be expressed in 
terms of ICQO. 
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[0021] In one aspect of the present invention, the com 
parison of the potency value and the desensitiZation value is 
accomplished by calculating a ratio of the desensitiZation 
value to the potency value. This ratio is termed the “e?icacy 
index”. A ratio of approximately equal to one indicates that 
the concentration required for potency is similar to the 
concentration required for desensitiZation. In other Words, 
because the concentration required for the desired biological 
response is also the concentration that induces desensitiZa 
tion, the compound is not likely to be therapeutically effec 
tive if the desired response is receptor activation. Under 
these circumstances, the concentration required for the 
desired biological response should be Well beloW the con 
centration that induces desensitiZation. In preferred embodi 
ments, the e?icacy index is at least 10 and more preferably 
at least 25. In even more preferred embodiments, the e?icacy 
index is at least 50. An e?icacy index greater than about 100 
is most preferred. HoWever, if the desired response Were 
desensitiZation, the compounds Whose desensitiZation value 
is about equal to the potency value or less than the potency 
value Would be preferred. 

[0022] In another aspect of the present invention, a screen 
ing method for GPCRs is provided. For GPCRs that causes 
a calcium ion (“Ca++”) in?ux upon activation (GPCRs that 
signal through the phosphatidyl inositol and calcium path 
Ways such as motilin receptor and serotonin receptors (e.g., 
5HT2a and 5HT2c)), the method comprises expressing a 
gene encoding a GPCR and expressing a gene for aequorin 
in a cell line. For GPCRs that do not cause a calcium ion 
in?ux upon activation in the native state, the method com 
prises expressing a gene encoding the GPCR With a pro 
miscuous Ga such as GOULG and a gene for aequorin in a cell 
line. The coexpression of a GPCR With a promiscuous Ga is 
described in, for example, Stables et al, Analytical Biochem 
istry 252: 115-126 (1997) Which is incorporated herein by 
reference. 

[0023] Methods for measuring the potency value comprise 
exposing the cell line (expressing a GPCR and aequorin) to 
a test compound and measuring the resulting luminescence. 
Methods for measuring the desensitiZation value comprise 
pretreating the cell line to a test compound, exposing the cell 
line to a knoWn agonist, and measuring the resulting lumi 
nescence. When the resulting cells are exposed to the 
agonists of the cloned receptor, the activated receptor causes 
a calcium ion in?ux that, in turn, causes the aequorin to emit 
a ?ash of light. The amount of light emitted is proportional 
to the both the number of cells used and the degree of 
receptor response. Methods for measuring the potency value 
and the desensitiZation value comprise exposing cells 
expressing a GPCR and aequorin to a test compound and 
measuring the resulting luminescence. Methods for measur 
ing the desensitiZation value comprising exposing cells 
expressing a GPCR and aequorin to a test compound; 
removing the test compound from the cells; exposing the 
cells to a GPCR agonists; and measuring the resulting 
luminescence. Protocols for expression and receptor assays 
are further described in Examples 1 and 2. The potency and 
desensitiZation values are then compared and evaluated for 
each test compound as previously described. 

[0024] 
[0025] The methods of the present invention is further 
illustrated With speci?c reference to the motilin receptor. 

Illustrative Application of the Inventive Methods 
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Motilin is a 22 amino acid peptide that, upon binding to the 
motilin receptor stimulates gastric motility. Non-peptide 
agonists of the motilin receptor are being evaluated as 
prokinetic agents for the treatment of disorders Where 
enhanced gastrointestinal motility is indicated or desired. 
Illustrative examples of such disorders include but are not 
limited to gastroparesis, gastroesophageal re?ux disease, 
anorexia, gall bladder stasis, postoperative paralytic ileus, 
scleroderma, intestinal pseudoobstruction, gastritis, emesis, 
and chronic constipation (colonic inertia). 

[0026] Apromising neW class of prokinetic agents, motil 
ides are macrolide compounds such as erythromycin and its 
derivatives that are agonists of the motilin receptor. Certain 
motilides have been shoWn to induce muscular contractions 
in the stomach and small intestines, increase esophageal 
peristalsis, and acceleration of gastric emptying in patients 
With gastric paresis. In fact, clinical trials have been initiated 
for several motilides including ABT-229 (1) and EM-574 (2) 
Whose structures are shoWn beloW. 

[0027] HoWever, based upon the inventive methods, nei 
ther ABT-229 nor EM-574 Would have been predicted to be 
good drug candidates. 

[0028] The motilin receptor and aequorin Were co-eX 
pressed and an ef?cacy indeX Was calculated for erythro 
mycin 6, 9-enol ether 3, ABT-229 and EM-574. 
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[0029] The ef?cacy indeX for erythromycin 6,9-enol ether 
is greater than 20,000 and the ef?cacy indeX for both 
ABT-229 and EM-574 are each less than 10. Although 
erythromycin 6,9-enol ether possess the potency (EC50 in 
the nanomolar range) and the ef?cacy indeX to be a good 
drug candidate, the compound is unstable in acid and 
degrades in the stomach environment to a non-functional 
degradation product. ABT-229 has recently been pulled from 
clinical trials for lack of efficacy in treating gastroesoph 
ageal re?ux disease. See Van Her Waarde et al., Aliment 
Pharmacol Ther 14: 453-462 (2000). Based on the e?icacy 
indeX, EM-574 is predicted to suffer the same fate. The 
lesson of compounds like ABT-229 and EM-574 is that 
desensitiZation plays a role in determining therapeutic ef? 
cacy and that it should be considered early on in the 
evaluation process. 

[0030] Applying the lessons of ABT-229 and EM-574, 
novel compounds are evaluated according to the methods of 
the present invention. The compounds are of the formula: 

[0031] Wherein 

[0032] W is O or NR; 

[0033] R is hydrogen, C1-C1O alkyl, C2-C1O alkenyl, 
CZ-C1O alkynyl, aryl, alkylaryl, alkenylaryl, or alkyny 
laryl; 
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[0034] R0 is hydroXyl or methoXy; 

[0035] R1 is selected from the group consisting of 
hydrogen, hydroXyl, halide, NH2, ORQ, 

OCR9, ocNRloRll, NCR9, and NCNRIORU 

[0036] Where R9 is CJL-C1O alkyl, C2-C1O alkenyl, C2-C1O 
alkynyl, aryl or heteroaryl and R10 and R11 are each inde 
pendently hydrogen, CJL-C1O alkyl, C2-C1O alkenyl, C2-C1O 
alkynyl, or aryl; 

[0037] R2 and R3 are each independently selected from 
the group consisting of hydrogen, C1-C1O alkyl, C2-C1O 
alkenyl, C2-C1O alkynyl, aryl, alkylaryl, alkenylaryl, 
alkynylaryl or R2 and R3 together form a cycloalkyl or 
a cycloaryl moiety; 

[0038] R4 is hydrogen or methyl; 

[0039] R5 is hydrogen, hydroXyl or 0x0; 

[0040] R6 is hydroXyl, OR12 Where R12 is C1-C1O alkyl, 
C2-C1O alkenyl, or C2-C1O alkynyl; 

[0041] R7 is methyl, C3-C1O alkyl, C2-C1O alkenyl, 
CZ-C1O alkynyl, alkylaryl, alkenylaryl, alkynylaryl, 
amidoalkylaryl, amidoalkenylaryl, or amidoalkyny 
laryl; and, 

[0042] X is a single or a double bond. Compounds of 
formula I Wherein the desensitiZation value is greater than 
the potency value are good drug candidates. In preferred 
embodiments, the desensitiZation value is at least 10 times 
the potency value. In more preferred embodiments, the 
desensitiZation value is at least 25 times the potency value. 
In even more preferred embodiments, the desensitiZation 
value is at least 50 times the potency value. Compounds of 
formula I Wherein the desensitiZation value is at least 100 
times the potency value are most preferred. 

[0043] Many of the compounds contain one or more chiral 
centers. All of the stereoisomers are included Within the 
scope of the invention, as pure compounds as Well as 
miXtures of stereoisomers. Similarly, all geometric isomers 
are also included Within the scope of the invention. 

[0044] As used herein, the term “alkyl” refers to an 
optionally substituted straight, branched or cyclic hydrocar 
bons. “Alkenyl” refers to an optionally substituted straight, 
branched, or cyclic chain hydrocarbon With at least one 
carbon-carbon double bond. “Alkynyl” refers to an option 
ally substituted straight, branched, or cyclic hydrocarbon 
With at least one carbon-carbon triple bound. Substituted 
alkyl, substituted alkenyl, or substituted alkynyl refer to the 
respective alkyl, alkenyl or alkynyl group substituted by one 
or more substituents. Illustrative eXamples of substituents 
include but are not limited to alkyl, alkenyl, alkynyl, aryl, 
halo; tri?uoromethyl; tri?uoromethoXy; hydroXy; alkoXy; 
cycloalkoXy; heterocyclooXy; OX0 (=0); alkanoyl 
(—C(=O)-alkyl); aryloXy; alkanoyloXy; amino; alky 
lamino; arylamino; aralkylamino; cycloalkylamino; hetero 
cycloamino; disubstituted amines in Which the tWo amino 
substituents are selected from alkyl, aryl, or aralkyl; 
alkanoylamino; aroylamino; aralkanoylamino; substituted 
alkanoylamino; substituted arylamino; substituted aral 
kanoylamino; thiol; alkylthio; arylthio; aralkylthio; 
cycloalkylthio; heterocyclothio; alkylthiono; arylthiono; 

Dec. 19, 2002 

aralkylthiono; alkylsulfonyl; arylsulfonyl; aralkylsulfonyl; 
sulfonamido (e. g., SOZNHZ); substituted sulfonamido; nitro; 
cyano; carboXy; carbamyl (e.g., CONHZ); substituted car 
bamyl (e.g., —C(=O)NR‘R“ Where R‘ and R“ are each 
independently hydrogen, alkyl, aryl, aralkyl and the like); 
alkoXycarbonyl, aryl, guanidino, and heterocyclo such as 
indoyl, imidaZolyl, furyl, thienyl, thiaZolyl, pyrrolidyl, 
pyridyl, pyrimidyl and the like. Where applicable, the sub 
stituent may be further substituted such as With halogen, 
alkyl, alkoXy, aryl, or aralkyl and the like. 

[0045] The term “aryl” refers to an optionally substituted 
aromatic ring having 6 to 12 carbon atoms and may include 
one or more heteroatoms such as N, S and O. Illustrative 
eXamples of aryl include but are not limited to biphenyl, 
furyl, imidaZolyl, indolyl, isoquinolyl, naphthyl, oXaZolyl, 
phenyl, pyridyl, pyrryl, quinolyl, quinoXalyl, tetraZoyl, thia 
Zoyl, thienyl and the like. Substituted aryl refers to an aryl 
group substituted by, for example, one to four substituents 
such as substituted and unsubstituted alkyl, alkenyl, alkynyl, 
and aryl; halo; tri?uoromethoXy; tri?uoromethyl; hydroXy; 
alkoXy; cycloalkyloXy; heterocyclooXy; alkanoyl; alkanoy 
loXy; amino; alkylamino; aralkylamino; cycloalkylamino; 
heterocycloamino; dialkylamino; alkanoylamino; thio; alky 
lthio; cycloalkylthio; heterocyclothio; ureido; nitro; cyano; 
carboXy; carboXyalkyl; carbamyl; alkoXycarbonyl; alkylth 
iono; arylthiono; alkylsulfonyl; sulfonamido; aryloXy; and 
the like. The substituent may be further substituted, for 
eXample, by halo, hydroXy; alkyl, alkoXy; aryl, substituted 
aryl, substituted alkyl, substituted aralkyl, and the like. 

[0046] The terms “alkylaryl” or “arylalkyl” refer to an aryl 
group bonded directly through an alkyl group, such as 
benZyl. Similarly, “alkenylaryl” and “arylalkenyl” refer to 
an aryl group bonded directly through an alkenyl group and 
“alkynylaryl” and “arylalkynyl” refer to an aryl group 
bonded directly through an alkynyl group. 

[0047] The term amidoalkylaryl refer to a group of the 
formula —ZNH—(C=O)—R‘R“ Where Z may be present 
or absent, and Z and R‘re each independently an optionally 
substituted CJL-C1O alkyl, alkenyl, or alkynyl and R“ is an 
optionally substituted aryl. 

[0048] The terms “halogen,”“halo”, or “halide” refer to 
?uorine, chlorine, bromine and iodine. 

[0049] The term “erythromycin” refers to a compound of 
the formula 
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[0050] and derivatives and analogs thereof Where R8 is 
ethyl or R7 and R0, R1, R2, R3, R4, R5, R6 and R7 are as 
described herein. 

[0051] Free hydroxyl groups in the compounds of the 
present invention may optionally be protected With a 
hydroxyl protecting group. The term “hydroxy protecting 
group” refers to groups knoWn in the art for such purpose. 
Commonly used hydroxy protecting groups are disclosed, 
for example, in T. H. Greene and P. G. M. Wuts, Protective 
Groups in Organic Synthesis, 2nd edition, John Wiley & 
Sons, NeW York (1991), Which is incorporated herein by 
reference. Illustrative hydroxyl protecting groups include 
but not limited to tetrahydropyranyl; benZyl; methylthiom 
ethyl; ethythiomethyl; pivaloyl; phenylsulfonyl; triphenyl 
methyl; trisubstituted silyl such as trimethyl silyl, triethyl 
silyl, tributylsilyl, tri-isopropylsilyl, t-butyldimethylsilyl, 
tri-t-butylsilyl, methyldiphenylsilyl, ethyldiphenylsilyl, 
t-butyldiphenylsilyl and the like; acyl and aroyl such as 
acetyl, pivaloylbenZoyl, 4-methoxybenZoyl, 4-nitrobenZoyl 
and aliphatic acylaryl and the like. Hydroxyl protected 
versions of the inventive compounds are also encompassed 
Within the scope of the present invention. 

[0052] In addition to the explicit substitutions at the 
above-described groups, the inventive compounds may 
include other substitutions Where applicable. For example, 
the erythromycin backbone or backbone substituents may be 
additionally substituted (e.g., by replacing one of the hydro 
gens or by derivatiZing a non-hydrogen group) With one or 
more substituents such as C1-C5 alkyl, C1-C5 alkoxy, phenyl, 
or a functional group. Illustrative examples of suitable 
functional groups include but are not limited to alcohol, 
sulfonic acid, phosphine, phosphonate, phosphonic acid, 
thiol, ketone, aldehyde, ester, ether, amine, quaternary 
ammonium, imine, amide, imide, imido, nitro, carboxylic 
acid, disul?de, carbonate, isocyanate, carbodiimide, car 
boalkoxy, carbamate, acetal, ketal, boronate, cyanohydrin, 
hydraZone, oxime, hydraZide, enamine, sulfone, sul?de, 
sulfenyl, and halogen. 
[0053] In another embodiment of the present invention, 
the compounds are of the formula I Wherein: W is O or NR; 
R is hydrogen, C1-C5 alkyl, aryl, or alkylaryl; RO is hydroxyl 
or methoxy; R1 is hydrogen or hydroxyl; R2 and R3 are each 
independently C1-C5 alkyl, phenyl or benZyl; R4 is methyl; 
R5 is hydroxyl or oxo; R6 is hydroxyl or C1-C5 alkoxy; R7 
is methyl, C3-C5 alkyl, C2-C5 alkenyl, C2-C5 alkynyl, aryl, 
alkylaryl or alkenylaryl; and, x is single bond or a double 
bond. 

[0054] In another embodiment, the compounds are of the 
formula I Wherein: W is O or NR; R is hydrogen, methyl, 
ethyl, propyl, isopropyl, phenyl or benZyl; R0 is hydroxyl or 
methoxy; R1 is hydrogen or hydroxyl; R2 is methyl; R3 is 
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, secbutyl or 
tertbutyl; R4 is methyl; R5 is hydroxyl; R6 is hydroxyl or 
methoxy; R7 is methyl, vinyl, propyl, isobutyl, pentyl, prop 
2-enyl, propargyl, but-3-enyl, 2-aZidoethyl, 2-?uoroethyl, 
2-chloroethyl, cyclohexyl, phenyl, or benZyl; and, x is a 
single or a double bond. 

[0055] In another embodiment, the compounds are of the 
formula I Wherein: W is O or NH; RO is methoxy; R1 is 
hydrogen or hydroxyl; R2 is methyl; R3 is methyl, ethyl, or 
isopropyl; R4 is methyl; R5 is hydroxyl; R6 is hydroxyl or 
methoxy; R7 is propyl, but-3-enyl, 2-aZidoethyl, phenyl, or 
benZyl; and, x is a single or a double bond. 
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[0056] In another embodiment, the present invention pro 
vides compounds of the folloWing formulas 

III 

[0057] Wherein: W is O or NH; R1 is hydrogen or 
hydroxyl; R3 is methyl, ethyl, or isopropyl; and R7 is propyl. 

[0058] In one aspect of the present invention, compounds 
of formulas I, II, or III possessing an ef?cacy index of 
greater than about 10 are provided. In another aspect of the 
present invention, compounds of formulas I, II, or III 
possessing an ef?cacy index of greater than about 100 are 
provided. In yet another aspect of the present invention, 
compound of formulas I, II, or III possessing an ef?cacy 
index of greater than about 1000 are provided. Because both 
potency and desensitiZation are considered, these com 
pounds are believed to possess therapeutic efficacy for their 
intended purposes. 

[0059] As used herein, the term “agonist” can refer to any 
compound that stimulates activity at a receptor or receptors 
normally stimulated by naturally occurring substances, thus 
triggering a response. 

[0060] As used herein, the term “GPCR” refers to a G 
protein coupled receptor. 
[0061] A test compound can be, for example, a small 
molecule, a nucleic acid, a protein, a carbohydrate, a lipid, 
or any combination or portion thereof. In addition, the test 
compound can be in singular form or in a library. 

[0062] The use of aequorin as an indicator in cells express 
ing a GPCR is merely exemplary. Any indicators knoW to 
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one skilled in the art, such as ?uorescent proteins, radiola 
bels, or antibodies, for example, can be used in the method 
of the present invention. For example, ?uorescent calcium 
indicator dyes such as Fluo-3 and Fluo-4 can be used to 
re?ect changes in intracellular calcium levels. In addition, 
changes in pH can be measured by a Cytosensor, as 
described beloW, indicating changes in extracellular acidi 
?cation rates. It should be understood based on the disclo 
sure provided that the invention is not limited to a motilin 
receptor based assay using aequorn as an indicator. 

[0063] Starting Materials 

[0064] The compounds of the present invention can be 
prepared in accordance With the methods of the present 
invention by a combination of recombinant DNA technol 
ogy and organic chemistry. 

[0065] In regards to recombinant DNA technology, the 
practice of the present invention Will employ, unless other 
Wise indicated, conventional techniques of cell biology, cell 
culture, molecular biology, and microbiology, Which are 
Within the skill of one skilled in the art. Such techniques are 
explained ?lly in the literature. See, for example, Molecular 
CloningA Laboratory Manual, 2nd Ed., ed. by Sambrook, 
Fritsch and Maniatis (Cold Spring Harbor Laboratory Press: 
1989); DNA Cloning, Volumes I and II (D. N. Glover ed., 
1985); Oligonucleotide Synthesis (M. J. Gait ed., 1984); 
Mullis et al. US. Pat. No. 4,683,195: Nucleic Acid Hybrid 
ization (B. D. Hames & S. J. Higgins eds. 1984); Transcrip 
tion And Translation (B. D. Hames & S. J. Higgins eds. 
1984); Culture OfAnimal Cells (R. I. Freshney. Alan R. Liss, 
Inc., 1987); Immobilized Cell And Enzymes (IRL, Press, 
1986); B. Perbal, A Practical Guide To Molecular Cloning 
(1984); the treatise, Methods In Enzymology (Academic 
Press, Inc., NY); Gene Transfer Vectors For Mammalian 
Cells (J. H. Miller and M. P. Calos eds., 1987, Cold Spring 
Harbor Laboratory); and Methods In Enzymology, Vols. 154 
and 155 (Wu et al. eds.). 

[0066] Recombinant techniques are used to provide, in 
many instances, “unnatural” erythromycins or erythromycin 
derivatives that differ in one or more positions from the 
naturally occurring erythromycins A, B, C, or D. Although 
any suitable recombinant means may be used, a useful 
starting point is the complete 6-dEB synthase gene cluster 
that has been cloned in vectors and thus is amenable to 
genetic manipulations in E. coli and expression of the 
polyketide in Streptomyces. See US. Pat. Nos. 5,672,491; 
5,830,750; 5,843,718; 5,712,146; and 5,962,290 Which are 
all incorporated herein by reference. Once the aglycone is 
formed, it is next hydroxylated and/or glycoslyated and/or 
methylated at the appropriate positions by a converter strain 
that possesses the desired functionalities. 

[0067] Aparticularly useful converter strain is an Saccha 
ropolyspora erythraea eryA mutant that is unable to produce 
6-dEB but can still carry out the desired conversions (Weber 
et al., J. Bacteriol. 164(1): 425-433 (1985). This mutant 
strain is able to take exogenously supplied 6-dEB and 
process it to erythromycin A by converting it into erythro 
nolide B, 3-ot-mycarosylerythronolide B, erythromycin D, 
erythromycin C, and ?nally to erythromycin A. An alterna 
tive route to erythromycin A is through erythromycin B 
Where exogenously supplied 6-dEB is converted into eryth 
ronolide B, 3-ot-mycarosylerythronolide B, erythromycin D, 
erythromycin B, and ?nally to erythromycin A. Other 
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mutant strain, such as eryB, eryC, eryG, and/or eryK 
mutants, or mutant strains having mutations in multiple 
genes can be used to make compounds having any combi 
nations of hydroxylations at C-6 and C-12, glycosylations at 
C-3 and C-5, and methylation at C-3“—OH. Any of these 
products may be used as starting materials for the practice of 
the present invention. 

[0068] Erythromycins Where the substituent at C-13 is 
methyl or ethyl, the 6-deoxyerythronolide B synthase 
(“DEBS”) from S. erythraea can be used in a recombinant 
expression system described in US. Pat. No. 5,672,491 to 
produce the aglycone in Streptomyces coelicolor. Option 
ally, the oleandolide or megalomicin polyketide synthase 
(“PKS”) genes may be used in this expression system. See 
PCT publications WO 01/27284 and WO 00/26349, each of 
Which is incorporated herein by reference. 

[0069] For erythromycins Where the substituent at C-13 is 
something other than methyl or ethyl, one can employ a 
technique knoWn as chemobiosynthesis in Which activated 
thioesters called SNAC-diketides are converted to 13-sub 
stituted 6-dEB derivatives (13-R-13-desethyl-6-dEB com 
pounds) by fermentation of S. coelicolor CH999/pJRJ2 or 
functionally similar strains that contain a PKS in Which the 
ketosynthase domain of module 1 has been inactivated by 
mutation (the KS1° mutation). This methodology is 
described in PCT Publication Nos. WO 97/02358 and WO 
99/03986 and US. Pat. No. 6,066,721 Which are all incor 
porated herein by reference. Additional SNAC-diketide 
compounds and the corresponding aglycones are described 
in PCT Publication No. WO 00/44717 Which is incorporated 
herein by reference. 

[0070] 6-dEB and 6-dEB derivatives such as 13-substi 
tuted 6-dEB are converted into the desired erythromycin 
starting material by an appropriate converter strain. For 
example, any one of the post PKS products may be used as 
starting materials such as 13-substituted counterparts (Where 
the ethyl group Which normally exists at C-13 is replaced 
With another substituent) to: erythronolide B, 3-a-my 
carosylerythronolide B, erythromycin D, erythromycin B, 
erythromycin C, and erythromycin A. In particular, 13-sub 
stituted erythromycin A can be made by fermentation With 
an eryA mutant that is incapable of producing 6-dEB but can 
still carry out the desired conversions. 13-substituted eryth 
romycin B can be made by fermentation With an eryA 
mutant that is incapable of producing 6-dEB and in Which 
the ery K (12-hydroxylase) gene has been deleted or other 
Wise rendered inactive. Alternatively, erythromycin B 
derivatives can be made in a KS1°/eryK mutant strain of S. 
erythaea. The general method for using chemobiosynthesis 
for making modi?ed 6-dEB is illustrated by Example 6 With 
speci?c reference to 13-propyl-6-dEB (13-propyl-13-des 
ethyl-6-dEB). The general method for converting modi?ed 
6-dEB compounds to the desired hydroxylated and glyco 
sylated form by using an eryA converter strain is illustrated 
by Example 7 With speci?c reference to converting 13-pro 
pyl 6-dEB to 13-propyl erythromycin A (13-propyl-13 
desethyl-erythromycin A). 
[0071] Synthetic Methods 

[0072] The methods described herein are generally appli 
cable to all erythromycins and erythromycin derivatives 
(e.g., erythromycins A, B, C, and D, 13-substituted eryth 
romycins A, B, C, and D, erythronolide B, 3-ot-my 
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carosylerythronolide B, and derivatives thereof) unless 
explicitly limited. As such references to speci?c embodi 
ments are for the purposes of illustration only and are not 
intended to limit in any way the scope of the present 
invention. 

[0073] Enol ether compounds are also referred to as 6,9 
enol ether erythromycins or 8,9-anhydro erythromycin 6,9 
enol ethers, or dihydrofurans. The 6,9-epoxides are also 
referred to as epoxides or as tetrahydrofurans. Unless 
expressly limited these terms may refer to both the lactone 
(W=O) or lactam (W=NR) compounds. 

[0074] Enol ether compounds where W=O are formed by 
treating an erythromycin starting material with mild acid. 
The corresponding epoxide is formed by reducing the car 
bon-carbon double bond between C-9 and C-9 of the enol 
ether. An alternate method for forming epoxide compounds 
(where W=O) is where the free hydroxyls of erythromycin 
are protected and the C-9 oxo is reduced to a sodium 
borohydride to a 9-dihydro-erythromycin intermediate 
(where C-(is —CHOH—). Illustrative examples of suitable 
protecting groups include acetyl for the C-2‘ and C-4“ 
hydroxyls and a cyclic carbamate for the C-11 and C-12 
hydroxyls. The hydroxyl group at C-9 is subsequently 
activated and displaced to form the desired epoxide product. 

[0075] The enol ether and epoxide compounds (where 
W=O) may optionally be converted into the corresponding 
lactams (where W=NR). The enol ether or epoxide lactone 
is treated with potassium carbonate to from a 12-membered 
derivative which is treated with Martin sulfurane to form the 
12-membered 12,13 epoxide. This 12,13 epoxide is reacted 
with NHZR to form the erythromycin lactam. 

[0076] Derivatives of the enol ether and epoxide lactones 
and lactams may be made by making the desired modi?ca 
tions. For example 11-oxo compounds are made by oxidiZ 
ing the C-11 hydroxyl with carbodiimide and methylsulfox 
ide. C-12 alkoxy compounds are made by alkylating the 
C-12 hydroxyl group. Illustrative examples of other modi 
?cations include the demethylation and subsequent alkyla 
tion of the 3N and the modi?cations at the C-3“ hydroxyl 
group. Detailed protocols of these types of modi?cations are 
provided in the examples. 

[0077] Functional Assays for Screening Orphan Receptors 

[0078] The methods of the present invention can be used 
in screening orphan receptors. In this instance, the choice of 
functional assays used for screening orphan receptors is 
crucial to success. The assays should be as generic as 
possible in order to pick up a wide range of coupling 
mechanisms. Measurements of metabolic activation of cells 
using the Cytosensor microphysiometer is probably the most 
generic assay available, but is hampered by its low through 
put. Alternative assay systems in mammalian cells focus 
largely on measuring changes in intracellular cAMP or Ca2+ 
levels, either directly using standard methods or via the use 
of reporter gene assays. It is becoming increasingly impor 
tant to use high throughput assay systems to allow screening 
of relatively large libraries of compounds and peptides in 
microtiter plate format; 96-well or 384-well format assays 
can readily be developed for measurement of cAMP levels. 

[0079] For ?uorescence-based assays such as Ca2+ mobi 
liZation, 96-well ?uorescent plate readers offer greater 
throughput over conventional ?uorimeters, but, standard 
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plate-readers only allow sequential read-out from individual 
wells, which limits the rate of data capture when measuring 
rapid responses such as Ca2+ mobiliZation. The use of a 
charge-coupled device (CCD) imaging camera to allow 
simultaneous 96-well ?uorescent readout in real time—the 
FLIPR system developed by Molecular Devices—can dra 
matically increase throughput. Since the coupling pathway 
for a particular receptor is dif?cult to predict de novo from 
sequence information, a variety of assay systems should be 
used when screening orphan receptors. 

[0080] The Cytosensor Microphysiometer 

[0081] The principles of microphysiometry as employed 
by the Cytosensor microphysiometer (Molecular Devices) 
have been fully described elsewhere, but essentially the 
approach utiliZes the detection of changes in extracellular 
acidi?cation rates as a generic measurement of cellular 
metabolic activation when receptors on the cell surface are 
stimulated. 

[0082] Brie?y, cells are immobiliZed in close proximity to 
a light addressable potentiometric sensor (LAPS) which acts 
as a highly sensitive pH detector. A low buffer capacity 
“running medium” is perfused across the cells, and at regular 
time intervals the ?ow of the running medium is temporarily 
stopped. As a result, the medium surrounding the cells 
becomes progressively more acidic and this change in pH is 
detected by the LAPS. The rate of acidi?cation during the 
slop-?ow phase is the measured parameter. Typically, sam 
pling of the extracellular acidi?cation rate in this way occurs 
once every 1 to 2 min. depending upon the exact con?gu 
ration of the assay. Most cell types can be maintained in the 
microphysiometer for several hours, allowing considerable 
time for data to be accumulated. Extracellular acidi?cation 
rates are generally expressed as a percentage of basal rates 
immediately prior to the addition of test drug, and plotted 
against time (as in FIG. 3). An elegant ?uidics system 
enables the operator to control the exposure of cells, to test 
drugs without ?ow artifacts. 

[0083] As shown in FIG. 3, the orphan receptor CRLR 
(calcitonin receptor-like receptor) expressed transiently in 
HEK 293 cells, mediates a speci?c extracellular acidi?ca 
tion response when challenged with 10 nM human CGRP. 
Each point represents the acidi?cation response from an 
individual chamber of cells. 

[0084] Use of Cytosensor Microphysiometer to Screen 
Orphan Receptors 

[0085] The following protocol can be utiliZed to screen 
orphan receptors: 

[0086] 1. 48 h after receptor transfection, gently lift adher 
ent cells from the ?ask by addition of 5 ml ethylene diamine 
tetraacetate (EDTA, 200 mg/l in phosphate-buffered saline 
without Ca2+ and Mg”) for 1 to 2 min. Gently tap ?ask if 
necessary to detach cells. Aspirate the EDTA and add to 20 
ml microphysiometer running medium (minimum essential 
medium, MEM, with Earle’s salts without NaHCO3, supple 
mented with 6.6 ml/l 4 MNaCl). Repeat the EDTA incuba 
tion until all the cells have detached. 

[0087] 2. Count cells, centrifuge for 5 min at 300x g, then 
resuspend in running medium to a concentration of 2 to 
3x10 cells/100 p. 
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[0088] 3. ImmobiliZe the suspension of transfected cells in 
agarose on a cell capsule cup assembly as follows: melt a 
200 pl aliquot of agarose (cell entrapment kit, Molecular 
Devices, cat no. R8023) in boiling Water and then bring to 
37° C. in a heating block. Mix one volume of agarose With 
three volumes of cell suspension, in a preWarmed tube, by 
pipetting the mixture up and doWn several times, taking care 
not to introduce air bubbles, and not to alloW the mixture to 
cool beloW 30° C. (beloW Which it Will solidify). 

[0089] 4. Transfer the cells into the microphysiometer by 
placing a blue spacer ring into the capsule cup, carefully 
spotting 10 pl of cell/agarose mixture into the center of the 
ring (taking care not to alloW the mixture to touch the ring 
otherWise it Will Wick aWay from the center of the capsule), 
and alloWing the mixture to solidify (2 to 3 min). 

[0090] 5. Carefully add 1 ml of running medium to the 
Well holding the cup and 0.2 ml to the cup itself. Add an 
insert, and then 0.2 ml of running medium to the insert. 
When the insert has sunk to the bottom of the cup, the Whole 
assembly may then be transferred to the cytosensor. 

[0091] 6. Set up the cytosensor microphysiometer as per 
manufacturer’s instructions, With parameters set as folloWs: 
total pump cycle time=1 min, 30 s; 1 minute at 50% full 
speed, then 30 s pump off; “Get rate” from 1 min 8 s to 1 min 
28 s. Chamber temperatures are set to 37° C. AlloW at least 
1 h for rates to stabiliZe before adding test ligands at 30 s into 
pump cycle. 

[0092] The orphan G protein-coupled receptor CRLR (cal 
citonin receptor-like receptor) Was identi?ed as a calcitonin 
gene-related peptide (CGRP) receptor by Aiyar et al. fol 
loWing analysis of HEK 293 cells stably expressing the 
receptor in both functional (cAMP) and radioligand binding 
assays. HoWever, other groups Were unable to repeat this 
?nding and there has been some speculation that CRLR is 
not the authentic CGRP receptor. The cytosensor micro 
physiometer is an alternative assay system that can be used 
to demonstrate that CRLR Will produce a robust, speci?c 
response to CGRP When expressed transiently in HEK 293 
cells (FIG. 3), con?rming the ?ndings of Aiyar et al. More 
recent publications are also consistent With this receptor 
functioning as a CGRP receptor When expressed under 
appropriate conditions. 

[0093] Ca2+ MobiliZation 

[0094] Changes in intracellular calcium levels can be 
routinely detected using ?uorescent calcium indicator dyes 
such as Fluo-3 and Fluo-4. Cells are incubated With the 
acetoxymethyl ester form of the dye Which permeates the 
cell membrane. Once inside the cell, the dye is converted to 
its free acid form by cleavage of the ester portion by 
intracellular esterases. This conversion renders the dye cell 
impermeant, thus trapping it inside the cell. Only the free 
acid form and not the esteri?ed counterpart Will ?uoresce on 
binding calcium ions and this property forms the basis of the 
assay. 

[0095] TWo methods are described for analyZing Ca2+ 
mobiliZation responses; the ?rst involves detection via a 
standard ?uorescent plate reader (Fluoskan Ascent, Lab 
Systems) and is suitable for cells in suspension; the second 
involves detection via FLIPR (Fluorometric Imaging Plate 
Reader: Molecular Devices), Which has the ability to read all 
96 Wells of a microtiter plate simultaneously With data 
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readouts every second, and is hence higher throughput. The 
FLIPR imagine system is con?gured in a semiconfocal 
manner, Which renders it more suitable for use With adherent 
cells in monolayer. Sensitivity is also enhanced by elimi 
nating background ?uorescence from the ?uid layer above 
the cells. 

[0096] Ca2+ MobiliZation Measurements Using Fluoskan 
Ascent Fluorescent Plate Reader (Labsystems) 

[0097] The folloWing protocol can be utiliZed to measure 
calcium mobiliZation: 

[0098] 1. Prepare assay buffer: Hanks balanced salts solu 
tion (HBSS) containing 10 mM HEPES, 200 pM CaCl2 and 
0.1% bovine serum albumin (BSA), pH 7.4 at 37° C. 

[0099] 2. Reconstitute Fluo-3/AM (Molecular Probes) in 
dimethyl sulfoxide (DMSO). Astock concentration of 1 mM 
is appropriate. 

[0100] 3. 48 h after transfection lift adherent cells from 
?ask by adding 2 ml versene (Life Technologies). Rock ?ask 
gently to ensure versene completely covers monolayer, then 
incubate ?ask for 5 to 10 min at 37° C. 

[0101] 4. Add 8 ml groWth medium to ?ask (to neutraliZe 
ethylene bis (oxyethylenitrilo) tetraacetic acid [EGTA]). 
Pipette solution up and doWn several times to prepare a 
homogeneous cell suspension. 

[0102] 5. Transfer cell suspension to a 50-ml conical tube. 
Pellet cells by centrifuging at 1500 rpm for 5 min. Aspirate 
growth medium then resuspend cell pellet in 10 ml assay 
buffer and repeat centrifugation process. 

[0103] 6. Aspirate buffer and resuspend cells in 12 ml 
fresh assay buffer ensuring that all clumps of cells are Well 
dispersed. Wrap tube in foil to protect contents from light 
and then add Fluo-3/AM such that ?nal concentration of dye 
is 1 pM. Mix thoroughly. For certain cell types (e.g., CHO), 
it is necessary to include 2.5 mM probenecid in the loading 
buffer to prevent leakage of dye from the cells. 

[0104] 7. Incubate at 37° C. for 20 min, giving tube a sWirl 
occasionally to prevent cells settling and clumping. 

[0105] 8. Add 36 ml assay buffer, mix Well, and incubate 
at 37° C. for a further 25 min. This should ensure complete 
hydrolysis of the dye. 

[0106] 9. Centrifuge cells as in step 6. Resuspend cell 
pellet in 20 ml fresh assay buffer. 

[0107] 10. Perform cell count, centrifuge cells as in step 6 
then resuspend in assay buffer to a density of 2><106 cells/ml. 
Cells should be used Within 2 h of loading With Fluo-3. 

[0108] 11. Program Fluoskan reader to read a single 
column of eight Wells repeatedly. Repeat reads on each Well 
can he made every 3.4 s and this time frame is suf?cient to 
alloW detection of Ca2+ mobiliZation responses. Set ?lters to 
485 nm excitation and 538 nm emission. 

[0109] 12. Immediately before use, transfer 1.7 ml cell 
suspension to a 2-ml Eppendorf tube and microfuge brie?y 
to pellet cells. Aspirate buffer and resuspend cell pellet in 1.7 
ml fresh assay buffer. 

[0110] 13. Pipette 190 pl cell suspension into each of the 
8 Wells in the ?rst column of a 96-Well, clear bottom, 
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black-Walled plate (Becton Dickinson LabWare) and start 
assay. Take six baseline readings on each Well at 3.4 s 
intervals. 

[0111] 14. Using a multichannel pipette, add test ligands to 
all eight Wells in the column, mixing three or four times, 
then continue reading plate for 30 readings, again at 3.4 s 
intervals. Restart readings as quickly as possible folloWing 
addition of agonist. 

[0112] 15. Repeat steps 13 to 15 for remaining columns on 
plate. Reader can be set up such that machine Will auto 
matically assay column 2 after column 1, etc. 

[0113] The plate reader Will automatically produce a 
results sheet at the end of the plate run. Fluorescence values 
are listed for each Well at each time point, With plate Well 
reference across the roWs (A1, A2, A3, etc.) and time points 
doWn the columns, (Note: Fluoroskan automatically inserts 
empty cells around each value, these cells must be taken into 
account When designing macros for data analysis.) 

[0114] Readings are taken every 3.4 s and a 10-s delay is 
assumed betWeen the sixth and seventh reading per Well 
(i.e., last baseline reading and ?rst reading folloWing agonist 
addition). Results can be analyZed as folloWs: 

[0115] 1. Average ?rst six readings to calculate mean 
baseline value. 

[0116] 2. Determine increase in ?uorescence above base 
line for each time point folloWing agonist addition and 
express as a percentage of baseline value. 

[0117] 3. Plot data as change in ?uorescence against time. 

[0118] Ca2+ MobiliZation Measurements Using FLIPR 
(Fluorometric Imaging Plate Reader) 
[0119] The folloWing protocol can be utiliZed to measure 
calcium mobiliZation: 

[0120] 1. 24 h after receptor transfection harvest and plate 
cells into poly-D-lysine-coated 96-Well black-Walled/clear 
bottom microtiter plates (Becton Dickinson LabWare) at 
3><10 cells per Well. 

[0121] 2. After 18 to 24 h aspirate off medium and add 100 
pl of fresh EMEM containing 4 pM Fluo-3/AM (Molecular 
Probes; prepare stock solution at 2 mM in DMSO containing 
20% pluronic acid), 0.1% BSA, and 2.5 pM probenecid to 
each Well and incubate for 1 h at 37° C. 

[0122] 3. Aspirate medium and replace With 100 pl of the 
same medium, but Without Fluo-3/AM, and incubate for 10 
min at 37° C. Wash cells three times With a Denley cell 
Washer (Labsystems) With Krebs Ringer Henscleit (KRH; 
118 mM NaCl, 4.6 mM KCI, 25 mM NaHCO3, 1 
mMKH2PO4, 11 mM glucose, 1.1 mM MgCl2) containing 
0.1% BSA, 2.5 pM probenecid, and 20 mM HEPES pH 7.4 
(buffer A). After the last Wash aspirate doWn to a ?nal 
volume of 100 pl. 

[0123] 4. Prepare plates of potential ligands, tissue 
extracts, or compound libraries in 96-Well polypropylene 
microplates at three times the ?nal concentration in bufferA 
and Warm to 37° C. 

[0124] 5. Place microplates containing Fluo-3 loaded cells 
and the ligand plates in FLIPR and monitor. At initiation of 
the ?uorescence recording read measurements every 1 s for 
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60 s and then every 3 s for the folloWing 60 s. Add agonist 
(50 pl) to the cell plate at 10 s and use the maximum 
?uorescent counts above background after addition of ago 
nist to de?ne maximal activity for that ligand. FLIPR 
softWare normaliZes ?uorescent readings to give equivalent 
readings for all Wells at Zero time. 

[0125] Use of Promiscuous G Proteins With Orphan 
Receptors 

[0126] More recently, it has become possible to funnel 
heterologous signal transduction of GPCRs through a com 
mon pathWay involving phospholipase C and Ca+ mobili 
Zation by co-expression of the receptor With the promiscu 
ous G proteins Gotls/16 or by co-expression With chimeric G 
proteins based on Gq. For example, the C3a receptor origi 
nally described as an orphan receptor, produces Weak or no 
Ca2+ mobiliZation responses to C3a When expressed in HEK 
293 cells. HoWever, When co-expressed With Ga 16, robust 
responses are seen (FIGS. 4 and 5). Although this cotrans 
fection approach may not be universally successful, it can be 
a useful technique to promote functional coupling of orphan 
receptors and to streamline their screening by focusing 
predominantly on one signal transduction system. 

[0127] Determination of cAMP Levels via Use of Flash 
Plate TechnologycAMP Determination Using FlashPlates 

[0128] The folloWing protocol can be utiliZed to determine 
cAMP levels: 

[0129] 1. Seed HEK 293 cells into 96-Well microtiter 
plates 24 h prior to assay at a density of 105 cells/Well in 100 
pl groWth medium. Incubate overnight at 37° C. The Wells 
should reach at least 95% con?uency on the folloWing day. 

[0130] 2. Add 10 pl IBMx (3-isobutyl-1-methylxanthine; 
?nal concentration 0.5 mM) and incubate cells for 30 min at 
37° C. 

[0131] 3. Add 10 pl putative ligand immediately folloWed 
by 10 pl groWth medium (for determination of cAMP 
stimulatory responses) or 10 pl forskolin (for determination 
of cAMP inhibitory responses) at 30 pM ?nal concentration. 
Incubate for 10 min at 37° C. 

[0132] 4. Terminate reaction With the addition of 10 pl ice 
cold 5% perchloric acid (PCA). 

[0133] 5 Leave for 1 h at 4° C. to alloW equilibrium to be 
reached before neutraliZing samples With 100 pl 75 mM 
KOH in 50 mM sodium acetate. 

[0134] 6. Incubate at 4° C. for at least 1.5 h to ensure 
neutraliZation is complete and alloW sedimentation of the 
precipitate before transferring samples into cAMP [1251] 
FlashPlates (NEN Life Sciences; Catalogue no. SMP001), 
taking care not to disturb the sediment. 

[0135] 7. Typically for HEK 293 Cells, transfer 10 to 40 
pl of neutraliZed sample to FlashPlates for assay. Reconsti 
tute kit reagents as per the manufacturer’s instructions and 
make sample volume up to 100 pl in FlashPlates With assay 
buffer. 

[0136] 8. Add 100 pl [1251] cAMP Working tracer, seal 
plate, and incubate overnight at 4° C. prior to counting. 

[0137] FIG. 4 shoWs Ca2+ mobiliZation responses of the 
C3a receptor expressed With and Without the promiscuous G 
protein Gotl?. Each square represents responses as deter 
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mined simultaneously via FLIPR from an individual micro 
titer plate Well of cells. The y axis in each square corre 
sponds to intracellular calcium levels and the X axis 
corresponds to time. The left-hand response of each trace 
corresponds to challenge With C3a (or buffer) as indicated; 
the right-hand response of each trace corresponds to chal 
lenge With 200 pM muscarine as an internal control for each 
Well. Columns A-D Were generated using HEK 293 cells 
transfected With C3a receptor and columns E-H Were gen 
erated using cells transfected With both C3a receptor and 
Gals. Quantitation of these data is presented in FIG. 5. 

[0138] FIG. 5 shoWs calcium mobiliZation induced by 
C3a in HEK 293 cells transiently transfected With C3a 
receptor, alone (I) or C3a receptor With Cot16 The 
maximum Ca2+ response (peak height) folloWing C3 a 
addition to each Well, as illustrated in FIG. 4 Was used to 
construct the dose-response curves. Each point in FIG. 5 
represents the IIIGZIHISEM of eight determinations. 

[0139] The assay can be used not only to screen for ligands 
that activate Gs- or Gi-coupled orphan receptors, but also to 
look for receptors that might be constitutively active. For 
example, elevated basal cAMP levels can be detected in 
HEK 293 cells expressing the orphan receptor GPR3, con 
sistent With the constitutive activity reported for this recep 
tor. Such receptors are amenable to screening for com 
pounds With inverse agonist activity Which reduce the 
elevated basal levels of activity, Which can then be used as 
tools to explore the biology of the receptor in vivo. 

[0140] A “homogeneous” version of the ?ashplate assay 
(SMP004) has been developed by NEN Life Sciences. In 
this format the cells and test substance are added directly to 
the ?ashplate, the incubation terminated by a single addition 
(Which includes the radiolabel) and the plate then counted 2 
to 24 h later at room temperature. The reduced number of 
pipetting steps results in a higher throughput. HoWever, a 
caveat When screening tissue extracts concerns the lack of an 
acid precipitation step to remove excess proteinaceous mate 
rial. Which may thus interfere With the assay. 

[0141] In summary, the present invention provides meth 
ods for evaluating drug candidates Whose mechanism of 
action is as a GPCR receptor agonist. By using the ef?cacy 
index to evaluate compounds, the risks of failure from lack 
of clinical or therapeutic efficacy are minimiZed. The meth 
ods of the present invention have been applied to motilides 
Where both novel compounds and those currently being 
studied in clinical trials are evaluated. 

[0142] The present invention is further described by the 
folloWing examples. The examples are provided solely to 
illustrate the invention by reference to speci?c embodi 
ments. These exempli?cations, While illustrating certain 
speci?c aspects of the invention, do not portray the limita 
tions or circumscribe the scope of the disclosed invention. 

EXAMPLE 1 

[0143] Co-Expression of a GPCR and Aeguorin in a Cell 
Line and Potency Measurement 

[0144] A gene encoding the target receptor is cloned and 
placed into a mammalian expression vector such as 
pcDNA3.1. The gene may be synthetic or naturally derived. 
Next, pmtAEQ, an aequorin expression plasmid available 
from Molecular Probes, and the receptor expression con 
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struct are transfected into HEK293 cells using a commer 
cially available transfection kit such as Lipofectamine Plus 
(Gibco BRL). At this point, a stable cell line may be selected 
from the transfection mix using common techniques, or the 
heterologous mixture obtained from transient transfection 
may be used directly. Cells expressing aequorin and the 
target receptor are then harvested and soaked in a solution of 
phosphate buffer saline containing 0.1 g/L CaCl2, 0.1 g/L 
MgCl2, 36 mg/L pyruvate, and 1 g/L glucose (in phosphate 
buffer solution (“PBS”)) With 2.5 uM coelenteraZine f and 
300 uM reduced glutathione for 0.5-4 hours. The cells are 
Washed and diluted to 500,000 cells/mL in PBS. One hun 
dred microliters of varying concentrations of a test agonist 
are placed in the Wells of a 96-Well White plastic assay plate. 
A 100 uL aliquot of cells is added to each Well, and 
folloWing each addition, the integrated luminescence is 
measured for 30-60 seconds and is taken as the agonist 
response. Next, 100 uL of 1% triton X-100 in PBS is injected 
into each Well, and the integrated luminescence is measured 
a second time over 30-60 seconds and is taken as the triton 
response. A value F is calculated as equaled to the agonist 
response divided by the sum of the agonist response and the 
triton response. F is plotted versus the agonist concentration, 
and the data is ?t to a rectangular square hyperbola to obtain 
the EC5O value for the compound. 

EXAMPLE 2 

[0145] DesensitiZation Measurement in a Cell Line Coex 
pressing GPCR and Aeguorin 

[0146] Cells expressing a target receptor and aequorin are 
groWn, harvested and counted. Cells are then incubated in 
PBS With varying concentration of test compound in a 1 mL 
reaction containing 500,000 cells. The reaction is incubated 
at 37° C. for a set amount of time (initially varied to 
determine the time dependence of desensitization). The 
reaction is diluted, cells are separated from the test com 
pound by centrifugation, resuspended (in PBS containing 
0.1 pg/L CaCl2, 0.1 g/L MgCl2, 3 6 mg/L pyruvate, and 1 g/L 
glucose) and recentrifuged to Wash aWay any remaining test 
compound. To reconstitute the aequorin cofactor, the cells 
are then resuspended in 5 mL of PBS containing 2.5 uM 
coelenteraZine f and 300 uM reduced glutathione, and incu 
bated at 37° C. for 30-45 minutes. The cells are centrifuged 
once more, then resuspended in 800 uL of PBS for assay. 

[0147] 100 pL of cells are placed in the Well of a 96-Well 
White assay plate, and an amount of an agonist knoWn to 
saturate the receptor is added. Each aliquot of cells, pre 
treated With a different concentration of test compound, is 
challenged With the agonist and the integrated luminescence 
is measured over 30-60 seconds (“agonist response”). Next, 
100 uL of 1% triton X-100 in PB S is injected into the Well 
and the integrated luminescence is measured over 30-60 
seconds (“triton response”). The fractional activation of the 
receptor is then expressed as F=agonist response/(agonist 
response+triton response). F is then plotted as a function of 
the test compound, and the resulting curve is ?t to a 
rectangular square hyperbola to obtain an IC5O value for 
desensitiZation of the receptor by the test compound. 

EXAMPLE 3 

[0148] Expression of the Motilin Receptor and Aequorin 

[0149] Asynthetic gene encoding the motilin receptor Was 
designed using common methods based upon the sequence 
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of the naturally occurring human motilin gene. An error in 
the synthesis Was corrected to give Kos127-42-61, a pUC 
derived vector containing a synthetic gene encoding the 
motilin receptor. The HindIII/EcoRI fragment of pkos127 
42-61, containing a fully sequenced synthetic gene encoding 
the human motilin receptor and an upstream KoZak 
sequence Was subcloned into the pcDNA3.1(+) expression 
vector. The resulting plasmid construct (pkos127-159) Was 
veri?ed by restriction analysis and DNA sequencing. 

[0150] HEK293 cells (ATCC CRL-1573) Were groWn to 
~95% con?uence in T175 ?asks at 37° C. in an atmosphere 
containing 5% CO2. Each T175 ?ask Was transfected With a 
total of 11.5 ug of DNA using the Lipofectamine Plus 
reagents and the protocol supplied by the manufacturer. For 
transient transfections, the ratio of pkos127-159 (“motilin 
receptor DN ”) to pmtAEQ (“aequorin DN ”) Was 10:1, 
While transfections performed to generate stable cell lines 
used a receptor DNA: aequorin DNA ratio of 1:10. Tran 
siently transfected cells Were harvested 18-22 hours post 
transfection by removing the medium and treating the layer 
of cells With 5 mL of Trypsin-EDTA for 20 minutes at 37° 
C. The trypsin reaction Was quenched With 50 mL of 
MEMalpha medium containing 10% fetal bovine serum, and 
the cell suspension Was triturated With a 10 mL pipette. The 
cells Were harvested by centrifugation and Washed With 50 
mL of PBS. A50 uL aliquot Was mixed With 50 uL of Trypan 
blue (0.4% v/v) and counted using a hemocytometer. 

[0151] For the generation of stable cell lines, cells Were 
alloWed to recover for 3 days folloWing the transfection, at 
Which time the medium Was replaced With fresh medium 
containing 800 ug/mL G418. A?ask of non-transfected cells 
Was also incubated in the presence of 800 ug/mL G418. The 
medium Was changed 7 days post transfection, and by 10 
days folloWing transfection, ~80% of the transfected cells 
had died, and no viable cells Were visible in the ?ask 
containing the non-transfected control. TWo Weeks after 
transfection, single, Well separated colonies Were visible and 
could be circled With a marker pen. Medium Was aspirated, 
replaced With a thin layer of PBS, and clones Were isolated 
by scraping the area of the circled colony With a pipette tip 
While simultaneously draWing PBS (and cells) into the 
pipette tip. Clones Were dispensed into 24 or 6-Well tissue 
culture clusters in MEMalpha containing 800 ug/mL G418. 
Colonies Were ampli?ed for ~2 Weeks, then split into 
duplicate Wells containing MEMalpha medium and 200 
ug/mL G418. 

EXAMPLE 4 

[0152] Motilin Receptor Activation Assay 

[0153] Flasks containing HEK293 cells either transiently 
or stably expressing the motilin receptor and aequorin Were 
used in receptor activation assays. Cells Were groWn to 
80-100% con?uence in T175 ?asks containing MEMalpha 
medium With 10% v/v fetal bovine serum, harvested by 
trypsiniZation, and counted using a hemocytometer. Trypan 
blue staining Was used to con?rm viability of >80% of the 
cells. The cells Were resuspended in 30 mL of preWarmed 
(37° C.) PBS and 2.5 uM coelenteraZine f (from a 2.5 mM 
stock in methanol) and 300 uM reduced glutathione. Recon 
stitution of the coelenteraZine f cofactor into aequorin pro 
ceeded for 1-4 hours at 370 C in an atmosphere containing 
5% CO2, at Which time the cells Were harvested by cen 
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trifugation, Washed With 2><50 mL preWarmed PBS, resus 
pended in preWarmed PBS to a concentration of ~5><105 to 
10° cells/mL, and maintained at 37° C. for the duration of the 
assay. 

[0154] Stock solutions (20 mM) of test compounds Were 
made in ethanol and diluted 100-fold into PBS. Motilin Was 
dissolved in Water to a concentration of 185 uM. Serial 
10-fold dilutions of motilin and test compounds Were made 
in PBS to generate a series of stock solutions ranging from 
10'4 to 10_11M, and triplicate 100 uL aliquots Were placed 
in the Wells of a White, opaque 96-Well assay plate. Control 
Wells Were also included Which contained only PBS or 1% 
v/v ethanol in PBS. The plate Was loaded into a Wallac 
Victor 1420 multilabel counter equipped With tWo reagent 
injectors. One of the injectors Was used to add 100 uL of the 
cell suspension (~5><104 to 105) to each Well, and the 
bioluminescence response Was measured over the course of 
30-60 seconds. A second measurement Was then made 
folloWing injection of 100 uL of 1% triton X-100 in PBS. 
The F value of the cells to each test compound Was calcu 
lated using equation 1, and data Were ?t to equation 2 to 
obtain EC5O values for the test compounds. 

F =a gonist response/(agonist response+triton 
response). Equation 1 

F =Basal response+(t0tal change *[ag0nist])/(EC5D+ 
[ag0nist]). Equation 2 

EXAMPLE 5 

[0155] Motilin Receptor DesensitiZation Assay 

[0156] HEK293 cells stable expressing the motilin recep 
tor and aequorin Were groWn to near con?uence, harvested 
by trypsiniZation, stained With trypan blue and counted, then 
diluted to ~5><105 to 10° cells/mL. Cells Were then incubated 
With varying concentrations of test compound in a 1 mL 
reaction containing ~500,000 cells. The reaction Was incu 
bated at 37° for a set amount of time (initially varied for a 
single concentration of compound to determine the time 
dependence of desensitiZation). The reaction Was diluted, 
cells Were separated from the test compound by centrifuga 
tion, resuspended in PBS and recentrifuged to Wash aWay 
any remaining test compound. The cells Were then resus 
pended in 5 mL of PBS containing 2.5 uM coelenteraZine f 
and 300 uM reduced glutathione, and incubated at 37° C. for 
30-45 minutes to reconstitute aequorin’s essential cofactor. 
The cells Were centrifuged once more, then resuspended in 
800 uL of PBS for assay. 

[0157] A 100 uL aliquot of cells Was placed in the Well of 
a 96-Well White assay plate, and a Victor multilabel counter 
equipped With a reagent injection system Was used to add 
100 uL of 1.85 uM motilin. Each aliquot of cells, pretreated 
With a different concentration of test compound, Was chal 
lenged With motilin and the integrated luminescence Was 
measured over 30-60 seconds (“agonist response”). Next, 
100 uL of 1% triton X-100 in PBS Was injected into the Well 
and the integrated luminescence Was measured over 30-60 
seconds (“triton response”). The F value of the receptor Was 
expressed as F=agonist response/(agonist response+triton 
response). F Was plotted as a function of the test compound, 
and the resulting curve Was ?t to a rectangular square 
hyperbola to obtain an IC5O value for desensitiZation of the 
receptor by the test compound. 
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EXAMPLE 6 

[0158] Method of Making 13-propyl-6-deoxyervthrono 
lide B (13-propyl-6-dEB 

[0159] A 1 mL vial of the CH999/pJRJ2 (Streptomyces 
coelicolor that contains a PKS in Which the ketosynthase 
domain of module 1 has been inactivated by mutation) 
Working cell bank is thaWed and the contents of the vial are 
added to 50 mL of Medium 1 in a 250 mL baf?ed ?ask. 

[0160] Medium 1 comprises 45 g/L cornstarch; 10 g/L 
corn steep liquor; 10 g/L dried, inactivated breWers yeast; 
and 1 g/L CaCO3. This solution is steriliZed by autoclaving 
for 90 minutes at 121° C. After steriZiliZation, 1 mL/L of 
sterile ?ltered 50 mg/ml thiostrepton in 100% DMSO and 1 
mL/L autoclaved 100% antifoam B silicon emulsion (J. T. 
Baker) are added prior to use. 

[0161] The ?ask is placed in an incubator/shaker main 
tained at 3011° C. and 175125 RPM for 48:10 hours. The 
50 mL culture is then added to a 2.8 L baf?ed ?ask 
containing 500 mL of Medium 1. This ?ask is incubated in 
an incubator/shaker at 30:1° C. and 175125 RPM for 48:10 
hours. The 500 mL culture is than used to inoculate a 10 L 
fermenter containing 5 L of Medium 1. The fermenter is 
controlled at 30° C., pH 6.5 by addition of 2.5 N HZSO4 and 
2.5 N NaOH, agitation rate 600 RPM, and air ?oW rate 1-2 
LPM. Foam is controlled by the addition of a 50% solution 
of Antifoam B as needed. The fermenter culture is alloWed 
to groW under these conditions for 2415 hours. 

[0162] A 150 L fermenter is prepared by sterilizing 100 L 
of Medium 1 at 121° C. for 45 minutes. After the groWth 
period, the contents from the 10 L fermenter are aseptically 
added to a 150 L fermenter. The fermenter is controlled at 
30° C., pH 6.5 by addition of 2.5 N HZSO4 and 2.5 N NaOH, 
dissolved oxygen >80% air saturation by agitation rate 
(500-700 RPM), air ?oW rate (10-50 LPM), and/or back 
pressure control (0.1-0.4 bar). Foam is controlled by the 
addition of a 50% solution of Antifoam B as needed. 

[0163] At 3515 hours, after dissolved oxygen has reached 
a minimum and CO2 content in fermenter offgas has reached 
a maximum, (25, 3R)-2-methyl-3-hydroxypentanoyl-N-ace 
tylcysteamine (propyl diketide) is added to a ?nal concen 
tration of 2 g/L. Propyl diketide is prepared by soluboliZing 
in dimethyl sulfoxide at a ratio of 2:3 (diketide to DMSO) 
and then ?lter steriliZed (0.2 pm, nylon ?lter). Production of 
13-propyl-6-deoxyerythonolide B (13-propyl-6dEB) ceases 
on day 8 and the fermenter is harvested. The fermentation 
broth is centrifuged at 20,500 g in an Alpha Laval AS-26 
centrifuge. The product is predominantly in the centrate; the 
centrifuged cell mass is discarded. 

[0164] After centrifugation, solid phase extraction is per 
formed using HP20 resin (Mitsubishi). Column siZe is 
selected based on centrate volume and titer, so that the 
loading capacity of 15 g 13-propyl-6-dEB per liter HP20 
resin is not exceeded. The centrifuged broth is passed 
through the resin bed at a linear ?oW rate of 300+20 cm/h. 
The pressure on the column should not exceed 15 psi. The 
resin is then Washed With 2 column volumes (CV) of Water 
and then 2 CV of 30% methanol, each at a rate of 300+20 
cm/h. 13-propyl-6dEB is eluted using 7-10 CV 100% metha 
nol at a rate of 300120 cm/h. During elution, fractions of 1 
CV are collected. The fractions are then analyZed, and those 
containing product are combined to yield a product pool 
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containing >95% of the original 13-propyl-6-dEB in the 
centrifuged broth. The product pool is reduced to solids 
using rotary evaporation. Product purity at this stage is 
5-35%. Methanol-insoluble material is removed from the 
product pool by suspending the solids in 3 L 100% methanol 
per 100 L original broth volume, mixing for 20 minutes, and 
?ltering. 
[0165] The ?nal puri?cation step is chromatography using 
HP20SS resin (Mitsubishi). Column siZe is selected based 
on amount of product, so that the loading capacity of 15 g 
13-propyl-6-dEB per liter HP20SS resin is not exceeded. 
The ?ltered methanol solution is diluted by adding an equal 
volume of Water. The 50% methanol solution is passed 
through the resin bed at a linear ?oW rate of 300+20 cm/h. 
The column is then Washed With 2 CV of 50% methanol at 
a rate of 300120 cm/h. Product is eluted using 12 CV 70% 
methanol at a rate of 300120 cm/h. During elution, fractions 
of 1 CV are collected. The fractions are then analyZed, and 
those containing >50 mg/L 13-propyl-6-dEB and having 
>20% chromatographic purity are combined. The product 
pool is reduced to solids using rotary evaporation. Product 
purity at this stage is >65 % and is suitable for bioconversion 
to the appropriate erythromycin. 

EXAMPLE 7 

[0166] Method of Making 13-propyl Erythromycin A 

[0167] A 1 mL vial from Working cell bank K39-14V (an 
eryA mutant of S. erythraea that is incapable of producing 
6-dEB) is thaWed and the contents of the vial are added to 
50 mL of Medium 2 in a 250 mL baf?ed ?ask. 

[0168] Medium 2 comprises 16 g/L cornstarch; 10 g/L 
corn dextrin; 15 g/L soy meal ?our; 4 g/L CaCO3; 5 g/L corn 
steep liquor; 6 g/L soy bean oil; 2.5 g/L NaCl; and 1 g/L 
(NH4)2SO4. This solution is steriliZed by autoclaving for 60 
minutes at 121° C. and 1 mL/L autoclaved 100% antifoam 
B silicon emulsion (J. T. Baker) is added prior to use. 

[0169] The ?ask is placed in an incubator/shaker main 
tained at 3411° C. and 175125 RPM for 48:10 hours. The 
50 mL culture is then added to a 2.8 L baf?ed ?ask 
containing 500 mL of Medium 2. The ?ask is incubated in 
an incubator/shaker at 3411C and 175125 RPM for 48:10 
hours. The 500 mL culture is than used to inoculate a 10 L 
fermenter containing 5 L of Medium 2. The fermenter is 
controlled at 34° C., pH 7.0 by addition of 2.5 N HZSO4 and 
2.5 N NaOH, agitation rate 600 RPM, and air ?oW rate 1-2 
LPM. Foam is controlled by the addition of a 50% solution 
of Antifoam B as needed. The fermenter culture is alloWed 
to groW under these conditions for 2415 hours. 

[0170] A 150 L fermenter is prepared by steriliZing 100 L 
of Medium 3 at 121° C. for 45 minutes. Medium 3 comprises 
17.5 g/L cornstarch; 16 g/L corn dextrin; 16.5 g/L soy meal 
?our; 4 g/L CaCO3; 6 g/L corn steep liquor; 3 g/L soy bean 
oil; 3.5 g/L NaCl; and 1 g/L (NH4)2SO4. After the groWth 
period, the contents from the 10 L fermenter are aseptically 
transferred to the 150 L fermenter. The fermenter is con 
trolled at 34° C., pH 7.0 by addition of 2.5 N HZSO4 and 2.5 
N NaOH, dissolved oxygen >80% air saturation by agitation 
rate (500-700 RPM), air ?oW rate (15 -50 LPM), and/or back 
pressure control (0.1-0.4 bar). Foam is controlled by the 
addition of a 50% solution of Antifoam B. 

[0171] At 2415 hours a 58-60 mL/hour 15% dextrin (W/v) 
feed is initiated. The dextrin solution is continuously mixed 
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during the feed period. At 2415 hours 25 grams of 13-pro 
pyl-6dEB are added to the fermenter. The 13-propyl-6dEB is 
prepared by soluboliZing 25 grams of 13-propyl-6dEB in 
400-600 mL of 100% ethanol and ?ltering (0.2 pm, nylon 
?lter). Conversion of 13-propyl-6dEB to 13-propyl-eryth 
romycin A ceases after 60:10 hours and the fermenter is 
harvested. The fermentation broth is centrifuged at 20,500 g 
in an Alpha Laval AS-26 centrifuge. The product is pre 
dominantly in the centrate; the centrifuged cell mass is 
discarded. 

[0172] After centrifugation, solid phase extraction is per 
formed using HP20 resin (Mitsubishi). Column siZe is 
selected based on centrate volume and titer, so that the 
loading capacity of 15 g 13-propyl-erythromycin Aper liter 
HP20 resin is not exceeded. The centrifuged broth is 
adjusted to pH 9, then passed through the resin bed at a 
linear ?oW rate of 275 :25 cm/h. The pressure on the column 
should not exceed 15 psi. The resin is then Washed With 1 
column volume (CV) of Water at a rate of 275125 cm/h. 
13-propyl-6dEB is eluted using 5 CV 100% methanol at a 
rate of 275125 cm/h. During elution, fractions of 1 CV are 
collected. The fractions are then analyZed, and those con 
taining product are combined to yield a product pool. The 
product pool is reduced to solids using rotary evaporation. 

[0173] Methanol-insoluble material is removed from the 
product pool by suspending the solids in IL 100% methanol 
per 100 L original broth volume, adjusting to pH 9, and 
?ltering. The product pool (?ltrate) is reduced to solids using 
rotary evaporation. 

[0174] 13-propyl-erythromycin A is extracted from the 
product pool (solids) by adding 2 L 4:1 hexane:acetone per 
100 L original broth volume, mixing for 20 minutes, and 
?ltering. The remaining solids are extracted the same Way 
tWo more times and ?ltrates are combined. The product pool 
is reduced to solids using rotary evaporation. 

[0175] The ?nal puri?cation step is chromatography using 
HP20SS resin (Mitsubishi). Column siZe is selected based 
on amount of product, so that the loading capacity of 15 g 
13-propyl erythromycin A per liter HP20SS resin is not 
exceeded. The solids from the previous steps are dissolved 
in 1 L methanol per 100 L original broth volume, and an 
equal volume of Water is added. The 50% methanol solution 
is passed through the resin bed at a linear ?oW rate of 
275+25 cm/h. The column is then Washed With 1 CV of 50% 
methanol, then 3 CV 60% methanol, each at a rate of 275125 
cm/h. Product is eluted using 3 CV 70% methanol, then 10 
CV 75% methanol, each at a rate of 275125 cm/h. During 
elution, fractions of 1 CV are collected. The fractions are 
then analyZed, and those containing 13-propyl-erythromycin 
A are combined. The product pool is reduced to solids using 
rotary evaporation. 

EXAMPLE 8 

[0176] 8,9-anhydro-6,9-hemiacetal (Enol Ether) Forma 
tion 

[0177] A solution of erythromycin (100 mg) in anhydrous 
acetonitrile (2 mL) is treated With dichloroacetic acid (0.015 
mL) under inert atmosphere until thin-layer chromatography 
reveals disappearance of starting material (2 days). The 
reaction mixture is concentrated, redissolved in 50 mL of 
dichloromethane, and Washed With saturated NaHCO3. The 
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organic phase is dried over Na2SO4, ?ltered, and concen 
trated to give the crude product. Silica gel chromatography 
(acetone+2% Et3N, hexanes) gives the pure product. Other 
compounds of the invention are formed by substituting the 
corresponding erythromycin derivative for the erythromycin 
in the above procedure. 

[0178] An exemplary NMR data for one of the compounds 
of the present invention, 8,9-anhydroerythromycin A 6,9 
hemiacetal is as folloWs. 13C-NMR (CDCl3): 6 178.2, 151.7, 
102.9, 101.4, 94.6, 85.5, 80.1, 78.2, 78.1, 76.3, 75.3, 73.0, 
70.8, 70.1, 68.8, 65.8, 65.6, 49.5, 44.7, 43.2, 42.6, 40.3, 34.6, 
30.5, 28.7, 26.2, 21.5, 21.3, 21.0, 18.2, 16.1, 15.0, 13.4, 11.9, 
11.4, 10.8, 8.6. 

EXAMPLE 9 

[0179] Hydrogenation of 8,9-anhydroerythomycin 6,9 
hemiacetals to (8S, 9R)-9-deoxo-6,9-epoxyerythromycins 

[0180] A solution of the 8,9-anhydroerythromycin 6,9 
hemiacetal (0.55 mmol; Example 8) in 24 mL of glacial 
acetic acid is treated With di?uoroacetic acid (0. 1 mL) and 
platinum oxide (0.4 g). The mixture is shaken under 4 atm 
of hydrogen at ambient temperature for 3 hours, or until 
consumption of starting material as indicated by thin-layer 
chromatography. Ammonium acetate (0.3 g) is added, the 
mixture is stirred for 15 minutes, then ?ltered and concen 
trated. The residue is dissolved in dichloromethane, Washed 
With sat. NaHCO3, dried over Na2SO4, ?ltered, and evapo 
rated. Silica gel chromatography (acetone+2% Et3N, hex 
anes) gives the pure product. 

EXAMPLE 10 

[0181] Ring contraction of 14-membered to 12-membered 
Macrolides 

[0182] A solution of the 8,9-anhydroerythromycin 6,9 
hemiacetal derivative (1 mmol; Example 8) and potassium 
carbonate (200 mg) in methanol (50 mL) is heated at re?ux 
until thin-layer chromatographic analysis reveals the reac 
tion has reached equilibrium. The mixture is evaporated to 
dryness, then dissolved in CH2Cl2 and chromatographed on 
silica gel. Both 14-membered enol ethers and 9-deoxo-6,9 
epoxides are converted into their 12-membered macrolide 
counterparts using this procedure. Those derivatives con 
taining 2‘-O-acetates, 4“-O-formates, 4“-O-(2,2,2-trichloro 
ethoxycarbonyl), or 11,12-cyclic carbonates are deprotected 
during this process. 

EXAMPLE 11 

[0183] 3‘-N-desmethyl Erythromycin Derivatives 

[0184] Sodium acetate trihydrate (300 mg) and iodine 
(116 mg) are added sequentially to a solution of erythromy 
cin (300 mg) in 3 mL of methanol. The reaction mixture is 
exposed to a 120W ?ood lamp and stirred until complete 
reaction is determined by thin-layer chromatographic analy 
sis. Excess reagents are quenched by addition of saturated 
sodium thiosulfate solution, and the volatiles are removed 
under reduced pressure and the mixture is diluted With 
dichloromethane. The organic phase is Washed With satu 
rated NaHCO3, dried over Na2SO4, ?ltered, and concen 
trated to give the crude product. Silica gel chromatography 
(acetone+2% Et3N, hexanes) gives the pure product. 
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[0185] The 3‘-N-desmethyl-8,9-anhydroerythromycin 6,9 
hemiacetals are prepared by substituting the 8,9-anhydro 
erythromycin 6,9-hemiacetals for the erythromycin in the 
above procedure. 

EXAMPLE 12 

[0186] 3‘—N-desmethyl-3‘—N-alkyl-erythromycin Deriva 
tives 

[0187] A solution of the 3‘—N-desmethyl-erythromycin 
derivative (0.5 mmol; Example 11) in acetonitrile (6 mL) is 
treated With diisopropylethylamine (0.23 mL) and the 
desired alkylating agent (0.6 mmol) and stirred at 40-80° C. 
under inert atmosphere until consumption of the erythromy 
cin starting material as determined by thin-layer chromato 
graphic analysis. The reaction mixture is concentrated under 
vacuum and redissolved in dichloromethane, Washed With 
saturated NaHCO3, dried over Na2SO4, ?ltered, and con 
centrated to give the crude product. Silica gel chromatog 
raphy (acetone+2% Et3N, hexanes) gives the pure product. 

[0188] Alkylating agents useful in this procedure include 
ethyl iodide, benZyl bromide, 2-iodopropane, 4-bromo-1 
butene, allyl bromide, propargyl bromide, or see-butyl 
iodide, or the corresponding tri?uoromethanesulfonates, 
Which give rise to the 3‘-N-ethyl, isopropyl, butenyl, allyl, 
propargyl, or sec-butyl derivatives, respectively. 

[0189] 3‘—N-desmethyl-3‘—N-alkyl-8,9-anhydroerythromy 
cin 6,9-hemiacetal is prepared by substituting 3‘-N-desm 
ethyl-8,9-anhydroerythromycin 6,9-hemiacetal (Example 
11) for the 3‘-N-desmethyl-erythromycin in the above pro 
cedure. 

EXAMPLE 13 

[0190] 2‘-O-acetyl-erthromycin 

[0191] A 0° C. solution of erythromycin (13.4 mmol) in 
ethyl acetate (50 mL) is treated With acetic anhydride (1.4 
mL) for 30 minutes, then kept for 4 hours at ambient 
temperature. The mixture is quenched With sat. NaHCO3, 
and extracted With ethyl acetate. The extracts are combined, 
dried over MgSO4, ?ltered, and concentrated to dryness 
under reduced pressure to yield the crude product. The 
product is either crystalliZed or puri?ed by silica gel chro 
matography. NMR data folloWs for one of the compounds of 
the present invention, 2‘-O-acetyl-13-propyl erythromycin 
A, that Was crystalliZed from acetonitrile. 13C-NMR 
(CDCl3): 6 222.3, 175.4, 170.0, 100.9, 96.1, 83.4, 79.7, 75.1, 
75.0, 74.5, 72.7, 71.7, 68.9, 68.4, 65.7, 63.6, 49.4, 45.2, 44.8, 
40.7, 39.2, 38.1, 37.8, 35.0, 31.6, 30.3, 30.2, 27.0, 22.6, 21.5, 
21.5, 21.2, 19.5, 18.6, 18.1, 16.3, 15.8, 14.1, 14.0, 12.0, 9.0. 

EXAMPLE 14 

[0192] 2‘-O-acetyl-4“-deoxy-erythromycin 

[0193] Step 1. A mixture of 2‘-O-acetyl-erythromycin (3.5 
mmol; Example 13), thiocarbonyldiimidaZole (1 g), and 
4-dimethylaminopyridine (0.67 g) in 100 mL of CHZCl2 is 
stirred overnight at ambient temperature. The mixture is 
treated With 150 mL of sat. NaHCO3, and the organic phase 
is then Washed With Water, dried over MgSO4, ?ltered, and 
evaporated. The product 4“—O-thiocarbonylimidaZolide is 
crystalliZed. 
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[0194] Step 2. The product from Step 1 is dissolved in 60 
mL of toluene and heated to 98° C. Tributyltin hydride (1.9 
mL) is added folloWed by 2,2‘-aZobisisobutyronitrile (60 
mg) and heating is continued for 35 minutes. The mixture is 
concentrated under reduced pressure. The oily residue is 
dissolved in 340 mL of acetonitrile, Washed With 5 portions 
of hexanes, and concentrated to yield the crude product. 
Puri?cation by silica gel chromatography yields the pure 
product. NMR data folloWs for one of the compounds of the 
present invention, 2‘-O-acetyl-4“-deoxyerythromycin A: 
13C-NMR: 6 222.0, 175.6, 170.0, 100.4, 96.8, 83.2, 79.0, 
74.8, 74.6, 71.7, 70.5, 68.9, 67.9, 63.2, 61.4, 49.2, 45.3, 45.1, 
44.7, 40.7, 38.9, 37.9, 34.1, 30.7, 26.8, 25.5, 25.2, 22.2, 21.9, 
21.5, 21.2, 18.2, 16.3, 15.9, 12.0, 10.6, 9.1. 

EXAMPLE 15 

[0195] 2‘-O-acetyl-4“-O-(2,2,2,-trichloroethoxycarbonyl) 
erythromycin 

[0196] A solution of 2‘-O-acetyl-erythromycin (100 
mmol; Example 13) and 4-dimethylaminopyridine (49.0 g) 
in CHZCl2 (500 mL) is cooled to —78° C. and stirred under 
inert atmosphere. Trichloroethyl chloroformate (50 mL) is 
added dropWise, and the mixture is stirred for 48 hours. After 
Warming to ambient temperature, the mixture is Washed With 
cold phosphate buffer (1:1 v/v mix of 5% KHZPO4 and 1% 
K2HPO4) folloWed by brine, dried over MgSO4, ?ltered, and 
concentrated. The product is puri?ed by crystalliZation or 
silica gel chromatography. 

EXAMPLE 16 

[0197] 2‘-O-acetyl-erythromycin A 11,12-cyclic Carbon 
ate 

[0198] Amixture of 2‘-O-acetyl-4“-deoxy-erythromycinA 
(1.6 mmol; Example 14), 1,1-carbonyldiimidaZole (1.64 g), 
and 4-dimethylaminopyridine (0.41 g) in 13 mL of CHZCl2 
is Warmed gently to dissolve the solids, then alloWed to stir 
overnight at ambient temperature. Saturated NaHCO3 (20 
mL) is added and stirred for 15 minutes, then the mixture is 
extracted With CH2Cl2. The extract is Washed With Water, 
dried over MgSO4, ?ltered, and evaporated to yield 2‘-O 
acetyl-4“deoxy-erythromycin A 11,12-cyclic carbonate. 

[0199] 2‘-O-acetyl-4“-O-(2,2,2-trichloroethoxycarbonyl) 
erythromycin A 11,12-cyclic carbonate is made by substi 
tuting 2‘-O-acetyl-4“-O-2,2,2-trichloroethoxycarbonyl) 
erythromycin A (Example 15) for 2‘-O-acetyl-4“-deoxy 
erythromycin A in the above procedure. 

EXAMPLE 17 

[0200] (9S)-9-dihydro-erythromycins 
[0201] Asolution of 2‘-O-acetyl-4“-deoxy-erythromycinA 
11,12-cyclic carbonate (0.5 mmol; Example 16) in 10 mL of 
ethanol is treated With sodium borohydride (200 mg), and 
the reaction is monitored by thin-layer chromatography. 
When the reaction is ca. 80% complete, 0.5 M phosphate 
buffer (50 mL) is added and the mixture is extracted With 
CH2Cl2. The extract is Washed With phosphate buffer, dried 
over MgSO4, ?ltered, and evaporated. The product, (9S)-2‘ 
O-acetyl-4“-deoxy-9-dihydro-erythromycin A 11,12-cyclic 
carbonate, is puri?ed by silica gel chromatography. NMR 
data folloWs for one of the compounds of the invention, 
(9S)-2‘-O-acetyl-9-dihydroerythromycin A 11,12-cyclic car 










